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Abstract 

To probe further the possible nature of the unidentified source IGR J 17098-3628, 
we have carried out a detailed analysis of its long-term time variability as moni- 
tored by RXTE/ASM, and of its hard X-ray properties as observed by INTEGRAL. 
INTEGRAL has monitored this sky region over years and significantly detected IGR 
J 17098-3628 only when the source was in this dubbed active state. In particular, at 
> 20 keV, IBIS/ISGRI caught an outburst in March 2005, lasting for ~5 days with 
detection significance of 73cr (20-40 keV) and with the emission at <200 keV. The 
ASM observations reveal that the soft X-ray lightcurve shows a similar outburst to 
that detected by INTEGRAL, however the peak of the soft X-ray lightcurve either 
lags, or is preceded by, the hard X-ray (>20 keV) outburst by ~2 days. This re- 
sembles the behavior of X-ray novae like XN 1124-683, hence it further suggests a 
LMXB nature for IGR J17098-3628. While the quality of the ASM data prevents 
us from drawing any definite conclusions, these discoveries are important clues that, 
coupled with future observations, will help to resolve the as yet unknown nature of 
IGR J17098-3628. 
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1. Introduction 



INTEGRAL has detected roughly 500 sources at energies > 20 keV (Bodaghee et al. 
2007). Among them, X-ray binary systems were identified for 32% of the times, and another 
26% remained unidentified. As one of the unidentified sources, IGR J17098-3628 was discovered 
(Grebenev et ah 2005a) at the end of March 2005 by INTEGRAL /IBIS during the private Open 
Program observation dedicated to the deep view to the Galactic center. The source was located 
at R.A.(2000) = 17^09"*48^ Dec. = -36°28'12", with an error box of 2' at 90% confidence. The 
source got a peak fiux at ~ 60 and 95 mCrab for 18-45 and 45-80 keV, respectively. The 20-60 
keV fiux evolved from ~ 50 mCrab at 2005 March 26 00:00, to ~ 9 mCrabs at April 3 23:30 
(UTC) (Mowlavi et al. 2005). The preliminary spectral analysis (Grebenev et al. 2005b) 
showed the source spectrum became quite soft along this evolution. Following INTEGRAL, 
IGR J 17098-3628 was observed by RXTE on March 29 of 2005, and was detected at 80 mCrab 
in the 3-20 keV band, with a hard power-law tail of a spectral index ~ 2.5. Then the source 
was assumed a BHC and X-ray Nova (Grebenev et al. 2007). The column density was found 
to be less than 1x10^^ atoms cm^. 

Later on. Swift observed this source on May 1 of 2005, and refined its location to R.A. 
(2000) = 17^09"'45.9^ Dec. = -36°27'57", with 90% confidence, and an uncertain radius of 5 
arcseconds (Kennea et al. 2005). This made the search possible for the potential counterparts 
in optical and infrared bands. From the 2MASS ALL-SKY Catalog a possible counterpart 
was found, J17094612-3627573 (Kong 2005). However, the most recent optical and infrared 
observations, made with the 6.5m Magellan-Baade telescope, revealed that 2MASS J17094612- 
3627573 is in fact composed off several sources (Steeghs et al. 2005). Furthermore, Very Large 
Array (VLA) observations of IGR J17098-3628 were made on March 31, April 5, and May 4, 
2005 at 4.86 GHz (Rupen et al. 2005), which led to the discovery of a radio transient at 
0.8 arcseconds from the Swift XRT position, and hence regarded as the possible radio coun- 
terpart. Finally on July 9, Swift/XRT observed IGR J17098-3628 again and found that the 
spectrum was fitted by an absorbed disk blackbody model. The column density obtained was 
(0.89±0.02)xl022 atoms cm'^ (Kennea et al. 2007). 

In this paper, we report the analysis of all available observations on IGR Jl 7098-3628 
carried out by IBIS/ISGRI and JEMX onboard INTEGRAL, and the All Sky Monitor (ASM) 
onboard RXTE. This allows us to trace the source behavior in X-rays back to 1996 with ASM 
and back to 2002 with INTEGRAL. We put the outburst in 2005 in this context. 

2. Time variability monitored by ASM 

ASM is one of the three detectors onboard the RXTE satellite (Gruber et al. 1996; 
Swank 1994), which has been used to track the long-term behavior of the source in the energy 
band 1.5-12 keV since February 1996. The target source was usually observed several times per 
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day, within the so-called dwells, of duration 96 seconds each. The extracted source light curves 
are presented for the energy bands of 1.5-3, 3-5, 5-12, and 1.5-12 keV, respectively. 

IGR J 17098-3628 has been monitored by ASM as one of the most active sources ever seen 
since 2002. As shown in Figure 1, the 1.5-12 keV lightcurves, retrieved in a time period from 
January 1996 to May 2008, show the variability, where each bin represents a dwell, or -in the 
middle panel- the average over month timescale. Many individual bursts-like events existing in 
the dwell lightcurve can be spotted, and the flux maxima can sometimes reach 65.5 cts/s (the 
dwell at MJD=51958. 219410), corresponding to 873 mCrab in the 1.5-12 keV band. We have 
made communication with the ASM team for consulting on such feature. It turns out that 
the source IGR J17098-3628 is only 1 degree away from GX349-I-2, a very strong X-ray source. 
The angular resolution of each of the ASM cameras is much better in one coordinate (f) (~3') 
than in the other coordinate 9 (~15'). This is the kind of problem that is (understandably) 
difficult for the ASM analysis system to properly handle; similar problems have arisen with 
other sources. But in general, GX349+2 is stable in the 1.5-12 keV band observed by ASM 
(see Figure 1, the bottom panel). In short, the analysis software has incorrectly attributed 
the flux from GX349-I-2 to IGR J17098-3628 only on those relatively few occasions. Actually, 
the big uncertainty in this lightcurve is the contamination from the neighboring source, IGR 
J17091-3624, located (only 0.17° away) too close to IGR J17098-3628 to be resolved by ASM. 
As the result, the burst events on monthly timescale as shown in the middle panel of Fig.l 
may sometimes attribute to IGR J17091-3624. Fortunately, this problem can be well solved 
via integral's mapping this region with either ISGRI or JEMX. In the monthly lightcurve 
there are several well established outbursts with a duration of several months. The flrst one 
occurs around MJD 52800 (June, 2003), with averaged peak flux reaching 40 mCrab level. We 
will see later that, this outburst came from the IGR J17091-3624 (Grebenev et al. 2007), and 
the ones thereafter observed by INTEGRAL were from IGR J17098-3628. IGR J17091-3624 
seems to be in quiet most of time since MJD 52800 (Grebenev et al. 2007). A sequence of 
outbursts have happened since MJD 53455 (March, 2005), and the 1.5-12 keV flux has kept 
staying at the flux level of ~ 50 mCrab over years. These results, accompanying with the 
INTEGRAl results which will be shown later on, suggest IGR J17098-3628 is in active phase 
within the last several years. 

3. Hard X-ray properties revealed by INTEGRAL 

3.1. Observations and data analysis 

INTEGRAL is an ESA scientiflc mission (Winkler et al. 2003) dedicated to spectroscopy 
(£'/A£'~500; SPI see Vedrenne et al. 2003) and imaging (angular resolution: 12' FWHM, 
source location accuracy: ^1-3'; IBIS, see Ubertini et al. 2003) of celestial 7-ray sources in the 
energy range 15keV to lOMeV, with simultaneous monitoring in the X-ray (3-35 keV, angular 
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resolution: 3'; JEMX, see Lund et al. 2003) and optical (V-band, 550 nm; OMC, see Mas- Hesse 
et al. 2003) energy ranges. All the instruments onboard INTEGRAL, except the OMC, work 
with coded masks. The observational data from the detectors IBIS/ISGRI (15-200 keV) and 
JEMX have been adopted in our analysis of IGR J17098-3628. 

The available INTEGRAL observations when IGR J 17098-3628 falls into the Fully Coded 
Field of View (FCFoV) of ISGRI comprise about 2400 science windows (scw's, typically 2000 
seconds each), adding to a total exposure of 3700 ks. Most of these observations are carried 
out in a 5x5 dithering mode. The data are subdivided into 9 groups according to the sequence 
in observational time. The groups T5, T6, and T7 represent the observations made one month 
prior to the hard X-ray outburst, 6 days in 2005 March 23-28 -during the outburst, and one 
month after the outburst, respectively (see Table 1 for a summary of the individual observational 
groups) . 

The analysis of JEMX and ISGRI data is performed by using the INTEGRAL Offline 
Scientific Analysis (OSA) software, version 6.0. All the sources within the FoV that are brighter 
than or comparable to IGR J17098-3628 are taken into account in extracting the source spec- 
trum. An additional 2% systematic error are added to the spectra because of calibration un- 
certainties. The ISGRI spectrum was normalized to the JEMX spectrum by a factor 0.77lo;og 
derived from the fit. The spectra are fitted with XSPEC vl2.3.1 and the model parameters are 
estimated with 90% confidence level. 

3.2. INTEGRAL results 

3.2.1. Sky maps 

We have looked into the skymaps of both ISGRI and JEMX to see for each of the 9 time 
zones which source was on active. The detection significances from ISGRI in the 20-40 keV 
band are summarised in Table 1. We find that IGR Jl 7091-3624 was in active phase within 
2003 April and 2004 April (T1-T3), and IGR J17098-3628 took the role since 2005 March in 
T6. After 2004 August (in T4), IGR J17091-3624 was not detectable by INTEGRAL at the 
X-rays. 

IGR J 17098-3628 was detected by ISGRI at energies > 20 keV during March 24-28, 
2005 when the source had an outburst in hard X-rays. The detection significances were 73.4(t 
in the 20-40 keV band (for the mosaic image seen in Figure 2), 38a in the 40-60 keV band, 
21 a in the 60-100 keV band, and 8a in the 100-200 keV band. The source was still visible 
during its decay in the following one month (T7), with the detections significances dropping to 
16.9(T in 20-40 keV. For all other INTEGRAL observations, only marginal detections or upper 
limits were obtained at energies > 20 keV, e.g., for the time period T9, the source was detected 
only in 20-40 keV with significance ~ 8a level (see Table 1). Since JEMX overlaps with ASM 
in most of its working energies, the detections at < 15 keV follow in general the same trend 
indicated by the ASM light curves. Figure 3 shows the most significant JEMX detection of the 
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source in March 31- April 21, 2005, which gives ~ 22 a in the 3-6 keV band. 

3.2.2. Light curves 

We use version 6.0 of the INTEGRAL Offline Scientific Analysis (OSA) software to 
construct the >20 keV ISGRI X-ray lightcurve of this outburst and compare it to the 1.5- 
12 keV ASM lightcurve from the same period. Unfortunately ICR Jl 7098-3628 was either 
prohibitively faint or out of the FoV for JEMX for most of the INTEGRAL observation, and 
the remaining data are contaminated by a strong source in the JEMX field-of-view (this is a 
known issue for JEMX data extraction - INTEGRAL Help Desk Priv. Comm.) to prevent 
from producing the proper lightcurve through running the pipeline. We therefore generate the 
JEMX lightcurves via reading out the fiux at the source position from the mosaic map. A 
comparison of the JEMX and ASM lightcurves at 3-12 keV is shown in Figure 4, where the 
trends are consistent with each other. We find that the soft X-ray lightcurve shows a similar 
outburst to that detected by INTEGRAL, however the peak of the soft X-ray lightcurve lags 
the hard X-rays by ~2 days (Figure 5). We note, however, that no hard X-ray data cover the 
peak outburst observed in the ASM data. If there is a hard X-ray peak that coincides with the 
soft X-ray peak, then, since there is no evidence for two peaks in the ASM data, the earlier 
hard X-ray peak may well be interpreted a precursor event to a wider band concurrent X-ray 
outburst rather than evidence for a lag between the hard and soft X-ray bands. Figure 6 shows 
a comparison of the fiux variability in the time zones T5-T9, as obtained with ASM in 1.5-3 
keV, JEMX in 3-6, 6-10, 10-15 keV, and ISGRI in 20-40 keV, and 40-60 keV bands. 

3.2.3. Spectra 

Since the lightcurves show quite different behavior between the higher and lower energy 
bands, it would be interesting to investigate the spectrum at the different periods of the out- 
burst, i.e., the time evolution of the spectrum along the outburst, although the overall spectra 
have been presented in Grebenev et al (2007) from using ISGRI data of the outburst, sup- 
plemented by the available PCA/RXTE data. For investigating the spectrum of the source, 
the time zone where the outburst was recorded by INTEGRAL (T6) was subdivided into three 
smaller time periods according to observations: March 23st 03:13 to 25st 02:35(the rising phase), 
25st 23:03 to 27st 00:51 ( the peaking phase) and 27st 00:53 to 28st 11:15 (UTC) (the decaying 
phase). Due to the relatively small FoV of the JEMX, its data are only available during the 
decaying phase, which is then combined with the corresponding ISGRI data for a broader spec- 
tral fitting. Firstly we have tried different fitting models in the 20-200 keV band only using 
the ISGRI data: simple power-law, power-law with cutoff, and broken power-law shapes. The 
goodness of each trial is shown in Table 2. We find that the relatively poor statistics of the 
data from the rising of the hard X-ray outburst prevents from discriminating the models; the 
power-law with cutoff model might be the best choice when the outburst reached the maximum; 
and the power-law model shows a good fit to the data from the decay of the outburst onwards. 
From the fit of a simple power law model, the spectral index changes from ~ 1.7 when rising 
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to roughly 2.6 when decaying. We tried as well a disk blackbody model for the decaying phase 
(the broadband 5-200 keV spectrum), and found the reduced (~1.36) gets worse than that 
from the best-fit model of a broken power law (see Figure 7). The best-fit parameters of the 
proper model are then presented in Tables 3, 4, and 5, for the three phases, respectively. That 
the different episodes of the outburst have to be described by different models might suggest 
rather strong time evolution. By taking the distance of 10.5 kpc as estimated by Grebenev 
et al.(2007), the source had a luminosity of ~ 9.8 x lO^^erg s~^ averaged over the whole out- 
burst in the 20-200 keV. The luminosities in individual phase are 5.3 x lO'^^erg s~^ (the rising), 
1.6 X lO^^erg s~^ (the peaking) and 8.9 x lO^^erg s~^ (the decaying). 

4. Discussion and summary 

IGR J17098-3628 may have stepped into an active phase in the beginning of 2005. 
INTEGRAL detected a days-long outburst extending up to energies of ~200 keV. A similar 
outburst is detected in the soft X-ray (1.5-12 keV) band, however the onset of the outburst lags 
the hard X-ray outburst by ~2 days, in a fashion reminiscent of X-ray novae like XN 1124-683 
(Chen et al. 1997). The spectral analysis of the initial stages of the outburst detected by 
INTEGRAL supports the association with X-ray novae (Grebenev et al. 2007), the cool disk 
temperature and small inner radius of the accretion disk both suggest that IGR J17098-3628 is a 
newly discovered black hole system. Current theoretical models of the formation of X-ray novae 
include the mass transfer instability (MTI) model (Hameury et al. 1986), the disk thermal 
instability (DTI) model (Cannizzo et al. 1982; Faulkner et al. 1983; Meyer & Meyer-Hofmeister 
1984; Huang & Wheeler 1989; Mineshige & Wheeler 1989; Ichikawa et al. 1994) Unfortunately, 
the only way to discriminate between these models relies on detailed differences in the observed 
soft energy spectrum of the source and so the lack of any detailed X-ray spectra of the IGR 
Jl 7098-3628 outburst in this energy band prevents us from drawing any conclusions on the X- 
ray nova mechanism for IGR J17098-3628. That the three episodes of the hard X-ray outburst 
observed by INTEGRAL have to be described by different models might suggest rather strong 
time evolution, i.e., the spectral index changed from ~ 1.7 when rising to roughly 2.6 when 
decaying suggesting the cooling of the source. 

Although the time variability of X-ray novae is not well understood theoretically, obser- 
vations of a variety of X-ray novae not only show that the hard X-ray flux often rises and peaks 
earlier than the outburst in soft X-rays, but can also show precursor events at hard X-rays 
several days prior to the main outburst (Chen et al. 1997). While it is not possible to associate 
the outburst in IGR J17098-3628 with any particular X-ray nova mechanism spectrally, it is 
clear that the typical accretion scenario for the low mass X-ray binaries holding a black hole 
is not capable of reproducing the observed lag between the hard and soft X-ray outbursts. In 
this scenario, the soft X-rays are produced by the accretion disk, while the hard X-rays are 
produced by comptonization of soft seed photons in the inner part of the accretion disk (Di 
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Salvo et al. 2004; Di Salvo, & Stella 2002). Clearly, large changes in the hard X-ray flux 
can, at best, be coeval with large changes in the soft X-ray seed photons and cannot precede 
variations of the soft X-ray photons that the process of comptonization relies on to produce 
the hard X-ray tail. One potential mechanism that may reproduce the observed lag is for an 
instability in the disk to trigger the formation of a temporary jet, which produces hard X-rays 
via inverse comptonization, in advance of any change in the flux of soft X-rays from the disk. 

A more straightforward scenario in understanding this different time behaviour between 
the hard and the soft X-rays may lie in the tie-up with the structure of the accretion flow. 
The precursor event can be explained as the transition from the "hard" state to "soft" state 
in the BHC system. The accretion time in the inner parts of the disk is much smaller than 
the duration of X-ray nova's outburst therefore changes in the spectral state of these sources 
are connected with general changes in structure of the accretion flow rather than in changes 
in number of soft seed photons for Comptonization. Observations show that all BH systems 
have the hard Comptonized spectrum at low accretion rates and the soft DEB (disc blackbody) 
spectrum (with a possible weak hard tail) at high accretion rates. This may be connected with 
approaching of the inner radius of a cold accretion disk to the radius of marginally stable orbit 
when the accretion rate increases. The observed lag between outbursts in hard X-rays and soft 
X-ray may be directly connected with this observed dependence: the accretion rate is small at 
the initial stage of the outburst thus the spectrum is hard and the outburst is observed in hard 
X-rays, but later the accretion rate rises and the spectrum becomes soft thus the outburst is 
observed in soft X-rays. 

Although no clear statement can be made regarding their nature, the discovery the 
lag/precursor event revealed by the concurrent RXTE ASM and INTEGRAL observations in 
2005, is important piece of the ICR J17098-3628 puzzle that will help to resolve the as yet 
unknown nature of this perplexing source. 
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Table 1. INTEGRAL IBIS/ISGRI Observations of IGR J17091-3624 and J17098-3628 in the 
20-40 keV band for those witli the detection significance (signal to noise ratio) larger than 3cr. 



Label 


Revolution 


Start Date 


End Date 


Exposure (ks) 


IGR J17091-3624 


IGR J17098-3628 












counts/s (signmcancej 


counts/s (signincance) 


Tl 


0037-0063 


2003-02-01 


2003-04-22 


593 


0.35(8.6) 




T2 


0100-0120 


2003-08-09 


2003-10-07 


652 


1.64(41.8) 




T3 


0164-0185 


2004-02-16 


2004-04-19 


360 


2.51(44.9) 




T4 


0224-0246 


2004-08-15 


2004-10-20 


477 






T5 


0286-0297 


2005-02-15 


2005-03-22 


456 






T6 


0298-0299 


2005-03-23 


2005-03-28 


152 




6.08(73.4) 


T7 


0300-0307 


2005-04-02 


2005-04-21 


341 




0.96(16.9) 


T8 


0345-0370 


2005-08-10 


2005-10-26 


386 






T9 


0406-0423 


2006-02-09 


2006-04-03 


337 




0.49(7.8) 



Table 2. The spectral index and reduced resulting from the fitting of ISGRI data in the 20—200 keV band with different 
models 



Date 


Pow law 


Cutoff pow law 


Broken pow law 


(phase) 


a 


a 


a 










03-23 03:13.. 03-25 02:35 




1.6li;j(< 464fcey) 


l-74l°:g(> i.lkeV) 


(rising phase) 


(0.71) 


(0.78) 


(0.88) 


03-25 23:03.. 03-27 00:51 


9 1 O+0.06 
^•-'^'-'-0.06 


l-54lo.27(< 82fceT/) 


2-13lo.o6(>5.5fcey) 


(peaking phase) 


(1.49) 


(0.95) 


(1.60) 


03-27 00:53.. 03-28 11:15 




2.16l[!;i(< 95fcey) 


2-60l[S:J]^(> 7.4A:ey) 


(decaying phase) 


(0.86) 


(0.72) 


(0.93) 


Table 3. Modelling to the ISGRI data from the rising phase of the hard X-ray outburst. 


model N 






d.o.f i^(20-200 keV) 


keV~^ cm^2 g- 


-1 at 1 keV 




erg cni"2 


powerlaw OMGto^ott 


1.74l[JJ^ 0.71 


10 4.0x10-1" 



Table 4. Modelling to the ISGRI data from the peaking phase of the hard X-ray outburst. 

model N a x^l^ d-O-f F(20-200 keV) 

keV^^cm-^s-i q^, 1 keV keV erg cm^^ g-i 

cutoffpl 0.12t°:J:^ 82^^^ l-54to;27 0-95 27 1.2 x 10""^ 
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Table 5. Modelling to the combined ISGRI/JEMX data from the decaying phase of the hard X-ray outburst. 



model 


N 


ai 


Ehreak 


Q!2 


X^/v d.oi i^(5-200 keV) 




kcVVm-^s-i at 1 keV 




kcV 




erg crn"^ s^^ 



bknpower 0.08l'^:o6 0.85l[;;?g 7.19I^;4^ "iMtlf-j l-O^ 133 1.9x10-' 




Fig. 1. ASM light curves (1.5-12 keV) of IGR J17098-3628 with each bin representing a dwell (top) 
or average over month (middle) timescales between 1996 and 2008. In the middle panel, the available 
INTEGRAL observations are shown by the bars. ASM light curve (1.5-12 keV) of GX349+2 is presented 
in the bottom panel, with each bin representing average over month timescales between 1996 and 2008. 
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Fig. 2. The 20-40 kcV significance map from IBIS/ISGRI of IGR J17091-3624. 
Tiie contom'S start at detection significance level of 10 ct, with the step of 10 
a for the time period during the hard X-ray outburst (March 23-28, 2005). 























o 

d 






















o 

CO 

o 






















10:0(. 








IGR J17C 


IGR J1/0< 
I98-362C 

gL_ 


)1-3624 




G) 


( 349+2 






c 
c 
o 

c 


J 

s 
> 






















c 
o 




























(If 


.0 12:0C 


.0 11:0C 


.0 17:10:0 


OJ) OMK 


.0 08:0C 


n 07:0C 


n 06:0C 


n 05:0C 




> 50:0( . 




















.0 . — 04:0c 


u 



Fig. 3. The 3-6 keV significance map from JEMX of IGR J17098-3628. The contours start at de- 
tection significance level of 10 cr, with the step of 5 u for the time period during April 2-21, 2005. 
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Fig. 5. Lightcurves of IGR J17098-3628 covering tlie Marcli 2005 days-duration outburst. Upper panel: 
1.5-12 keV ASM lightcurve (1-day binsize). Lower Panel: 20-80 keV INTEGRAL/ISGRI lightcurve 
(0.2-day bin size). 
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Fig. 6. Lightcurves from ASM (1.5-3 keV), JEMX (3-6keV, 6-10, 10-15 keV) and ISGRI (20-40 keV, 
40-60keV), with each bin averaged over the individual data group T5-T9. The hard X-ray outburst is 
marked by the red circle. 
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Fig. 7. Spectral fit of a broken power-law model to tiie combined ISGRI/JEMX data obtained during 
the decaying phase of the hard X-ray outburst. 
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Abstract 

In this document, we provide a brief explanation about pasjOO.cls, the current version of PASJ document 
class for authors. Note that it is assumed that authors are used to writing documents in ETgX style; that is, this 
manual shows only the differences of functions provided bypasjOO.cls and those in the standard I5Ij5f. Here, 
we use the phrase "standard I5TgX" for "I5TgX without any optional package". 

Key words: key wordi — key word2 — ... — key word„ 



1. Overview 

When pas j 00 .els is applied to an article for PASJ, the 
article should be prepared in the standard IMj^C 2s style with 
slight modifications. That is, a manuscript has the following 
structure; 

\ document class {pas j } 

\begin { document } 

\author{list of authors} 
[ \affil{the authors' affiliation} 
\title{title of the article} 
%%% some other commands 

\maketitle 

\begin{ abstract} 

abstract of the article 
\end{ abstract } 

\section{First section} 
%%% contents 

\begin { thebibliography } { }%%% references 
\bibitem [ label ]{ key } reference entry 

\ end { thebibliography } 
\ end { document } 

The cross-reference system of LSTj^f is also available without 
restriction. If the graphicx package is available, figures in 
eps format can be embedded via the usual figure environment 
(see section 6). 

Important Notice 1: The class file pasjOO.cls is pre- 
pared so that the standard Mj^X 2s system is sufficient to type- 
set/preview articles for PASJ. Therefore, this class uses the 
computer modern family for its default typeface, which is dif- 

* Last update: January 19,2007 



ferent from the current default typeface of the journal. That is, 
authors can not obtain an identical image with the published 
article unless the class file is not changed or replaced. 

Important Notice 2: Though many parts of this document 
are also applicable to the file pasjOO.sty which is the 
I^TgX2.09 version of pasjOO.cls, there are some differ- 
ences based on those between ET]^2e and L3Tj^2.09. For 
example, graphic files can not be embedded in articles in the 
case of pas j . sty. In the following, we refer to important 
differences between the two versions of IMj5f, if necessary. 

2. Class options 

The document class file pasjOO.cls admits the following 
options; 

• draft; produce 'overfull rules' (i.e.. Black boxes will 
appear every where 'overfull \hbox' is occurred.) 

• final; hide 'overfull rules' 

• onecolumn; use one-column format 

• two column; use two-column format 

• nof igure; disable to embed eps figures 

• proof; typeset in draft-style for proofread 

• useamsfonts; enable to use symbols defined in 
amssymb.sty 

• mf astrosym; enable to use the font 'astrosym' 

Among these options, nof igure is most important. If 
there is no need to include eps figures in an article, or if the 
graphicx package is not available, one can quit loading the 
graphicx package by using the nof igure option. Note 
that the mfastrosym option requires that the font 'astrosym' 
(by Peter Schmitt) be properly installed in the TjjX system. 

3. Preamble commands 

To produce the title of an article, each article should contain 
the following five items; 

1 . a list of authors/their affiliation 

as \author { authors } , \affil {affiliation} 
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Astronomical Society of Japan 



[Vol. 



2. title 

as \title{ title} 

3. date of reception/acception 

as \Received{receptJon date } , 
\Accepted{ acception date } 

4. list of key words 

as \KeyWords {iey words } 

5. running head 

as \SetRunningHead{autiior(s)inpage-Aead } 
{ title in page-head } 

The e-mail address of each author is shown via \ email 
command as: 

\ ema i 1 { e-mail address } 

The file pasj.texisan example of usage of these com- 
mands. 

For a list of authors, it is commonly the case that one arti- 
cle has many groups of authors. In such a case, \ author, 
\af f il and \email can be used many times, as follows: 

\author {FirstJVameiiXtextsc {FamiJyJVameii } , 
. . . FirstNameini \textsc {FamilyNameim } } 
\affil{Af61iationi] 
\ email {Addressn } 

\ email {Addressing } 

\ author { FirstArame2i\text so { FamilyName2i } , 

. . . FirstName2n2 \textsc {FamiJyJVame2n2 } } 
\ a f f i 1 { Amiiation2 } 
\ email {Address2i } 

\ email {Address2n2 } 

\and%%% separator of last two groups 
\ author { FirstNamemi \ t ext s c { FamilyNamemi ) , 
. . . FirstNamemnm \ t e xt s c { FamilyNamemnm ^ ^ 
\ a f f i 1 { AfSliationm } 
\email { Addi^essTOi } 

\ email {AddresSmnm ^ 
For example, the description 

\author{Akio \textsc{Abe} 

and Ichiro \textsc { Tanaka } } 
\affil{Some InstituteW Somewhere} 
\ email { aabe@ some lab . somewhere . ac. jp } 
\email { itanakaS some lab . somewhere . ac . jp } 
\and 

\author { Daiki \textsc { Suzuki } } 
\affil{Other InstituteW Other place} 
\email { dsuzukigotherlab . otherplace . ac . jp } 

gives the following author list: 

Akio Abe and Ichiro Tanaka 
Some Institute 
Somewhere 

aabe @ somelab. somewhere, ac.jp 
itanaka @ somelab. somewhere, ac.jp 
and 



Daiki Suzuki 

Other Institute 
Other place 
dsuzuki @ otherlab. otherplace. ac.jp 

Though the \and command is used as a separator of the 
last two groups in this example, \and can be used to separate 
authors in the argument of the \ author command as in the 
standard ETeX. 

If there is no one-to-one correspondence between the authors 
and the institutes, the author Ust might be written as in the ex- 
ample below: 

\ author { Author 1 , \altaf f ilmark { 1 } 

Author 2 , \altaff ilmark {1,2} 
Authors, \altaffilmark{2 } } 

\altaf filtext { 1 } {Institutel} 

\altaf filtext {2 } { Institute2 } 

This example gives the following hst: 

Authorl,! Author2,''2 AuthorB,^ 

^Institutel 
^Institute! 

As shown in this example, the description 
\altaff ilmark {JabeJ } gives a label 'label' and cor- 
responding text is given by \altaf filtext with the same 
label 'label' in its first argument. 

4. Cross-references 

4.1. \ label, \ref, \ cite and thebibliography environ- 
ment 

For cross-references of sections, figures, equations etc., the 
pair of commands Mabel and \ref is available. Since the 
usage of these two commands is exactly the same as that in the 
standard KTj5f, we leave the explanation about \ label and 
\ r e f to adequate instructions of 

For citations, pasjOO.cls provides the system of \ cite 
and a 'thebibliography' environment, as in the case of many 
other class files of The syntax of the 'thebibliography' 

envirormient provided by pas jOO . els is as follows: 

\begin{thebibliography} { } 
\bibitem [JabeJi] {keyi} entryi 
\bibitem [JabeJ2] {key2} entry2 

\bibitem [Jabe]„] {tey„} entry„ 
\end { thebibliography } 

Note that label i, label n do not appear in the result of type- 
setting, but \cite {key I } etc. consults those labels. 

Important Notice: It is assumed that the optional argument 
of \bibitem (i.e., label\ etc.) is in the form "author(sXyear 

of publication)" na'' A. Abe et al . ( 1 997 ) ", "A. Abe, 
I. Suzuki (1998)"or"D. Asuka (1999) ". 

4.2. Miscellaneous citation commands 

In addition to the usual \cite command, pasjOO.cls 
provides various citation commands. In the following 
list, key is a reference key in the 'thebibliography' en- 
virormient and author, year are the corresponding authors 



No.] 



Usage of pas j 00 . els 



3 



and publication year, respectively. 
\bibitem [aut/ior (year) ] {key}... 
'thebibUography' environment. 



That is, the term 
is contained in the 



description 
\cite {iey } 
\citep{iey} 
\citet {Jcey } 
\authorcite {iey } 
\yearcite {key} 



result 
author year 

(author year) 
author (year) 
author 
year 



If a comma- separated Ust of reference keys is given as an 
argument of the \cite command, we obtain a semicolon- 
separated list of reference labels. For other commands, readers 
can easily find the result for a hst of keys by simple experi- 
ments. 

5. Mathematical formulas 

For mathematical formulas, the class pas j 0. els al- 
lows a $ ... $ and 'math' environment for in-text formulas, 
and \ [ . . .\], environments 'displaymath', 'equation' and 
'eqnarrayC*)' for displayed formulas. Since mathematical for- 
mulas are not aligned in the center, the use of $$...$$ for a 
displayed formula is not recommended. 

For mathematical symbols, pasjOO.cIS allows one to use 
symbols provided by the standard M^XZ^ and some more 
symbols given in Table 1 (see also section 8.1). Note that if 
the amssymb package is available, the useams fonts class 
option enables the use of symbols defined by amssymb.Sty. 

6. Figures 

The class file pasjOO.cls supports the embeddings of 
graphic files in the eps format as its default. (Note that 

pasjOO.sty does not support graphic files.) A graphic file 
61enaine.eps can be included by using the \FigureFile 
conraiand, as follows: 

\FigureFile( width , height ) { Glename. eps } 

Here, width and height are the width of the figure in 
filename.eps and the height of the figure, respectively. 
For example, if a file figl.eps contains a figure of 
width 70mm and height 50mm, this figure is placed by 
\FigureFile (80mm, 50mm) {figl.eps}. (When the 
'BoundingBox' information is used for figure sizes, authors 
might remember that the unit 'pt' in PostScript is the same as 
'bp' in TeX.) 

For the location of figure files (or the directory/folder in 
which figure files exist), pasjOO.cls assumes that figure 
files and the file containing those figures are placed in 
the same directory. If figure files are placed in a different di- 
rectory from that which contains the ETj5f document, the rela- 
tive path of the directory containing figures is specified by the 
\Relat iveFigurePath command in the preamble (of the 
E^IgX docuemnt), as follows: 

\Relat iveFigurePath 

{ relative path of figure-directory } 

Here, 'relative path' is the relative path from the 



Fig. 1. Simple example of usage of the 'figure' environment. This sam- 
ple figure is a 'picture' environment and no eps file is included. If the 
graphicx package is available and some appropriate graphic files ex- 
ist, readers might observe the usage of the \FigureFile command. 

directory containing the document with the 

\RelativeFigurePath command. 

For example, assume that a I4TjX document, T, is 
placed in a directory, D, and that figure files are in 
a subdirectory SUB of D; in this case we can put 
"\ Re 1 at IveFigurePath { SUB }" in the preamble of doc- 
ument T, and each \FigureFile command has a filename 
(without path) and figure sizes, as its arguments. Note that 
authors should not include path information in the argument 
of the \FigureFile command, because path information 
forces the publisher/editors to construct the same structure of 
directories as that of authors. 

Similar to the \includegraphics command, the 
\FigureFile command only includes a graphic file. To 
place figures appropriately, the usual 'figure' environment is 
available. As in the standard KTe^, pasjOO.cls allows the 
following description and Figure 1 is an example of the 'figure' 
environment. 

\begin { figure } 
\begin { center } 

\FigureFile (80mm, 50mm) {fig. eps} 
\end{ center } 

\caption {*****} \label { } 

\end { figure } 

Though the 'figure' environment can take one optinal argu- 
ment showing possible positions of the figure, the use of this 
optional argument is not recommended. 

Important Notice: Graphic files can be included only 
via the \FigureFile command. Note that authors must 
not use old packages for graphics, such as epsf.sty, 
epsbox.sty. Even for the graphicx package, the 
\includegraphics command can not be used directly. 

Remark for I^TeX2.09: Since there is no standard 
method to include graphic files in the case of ETeX2.09, 
pas j 00 .sty does not support the embeddings of graphic 
files. But, the \FigureFile command is available, as in the 
case of MIeX2£, and \FigureFile only produces a blank 
rectangle with a filename. 

7. Tables 

To include tables which are small enough to be contained in 
one page, the usual pair of 'table' and 'tabular' environments 
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is available. That is, authors can place a small table as in the 
following way: 

\begin {table } 

\caption{ *** } \ label { . . . } 
\begin { center } 

\begin{tabular } {111} 



\end{tabular } 

\end{center} 
\end{table} 

To produce long tables, (a simplified version of) the 
'longtable' environment is implemeted. The usege of 
the 'longtable' environment is very similar to that of the 
'longtable' environment provided by the longtable pack- 
age. Thus, a long table can be described as follows: 

\begin{ longtable} {*{8} {1} } 
\caption { caption of this tabular} 
\hline 

\multicolumn { 8 } { c } { f irst head} \\ 
A&B&C&D&E&F&G&H \\ 
\hline 

\endf irsthead 
\hline 

A&B&C&D&E&F&G&H \\ 

\hline 

\endhead 

\hline 

\endf oot 

\hline 

\multicolumn { 8 } { 1 } { some remarks...} \\ 

\hline 

\endlastf oot 

a&b&c&d&e&f&g&hW 

%%% table data 

a' & b' & c' & d' & e' & f & g' & h' \\ 

\ end { longtable } 

Note that this 'longtable' environment obtains the maximum 
size of the width of cells in each column via the aux file. 
Therefore, it is required to typeset at least twice to produce 
a correct table. For the meanings of \endhead etc., see "The 
En^X Companion" or appropriate instruction for W^2£. 

Important Notice 1: Since this 'longtable' environemnt, it- 
self, is treated Uke table environments, there is no need to put 
a longtable in a table environment. 

Important Notice 2: In the 'longtable' environment, 
\ caption should be placed at the first part of this envi- 
ronment. Though the longtable package provides some 
parameters, like \LTleft and \LTpre, the pasjOO.cls 
class file inhibits one to use those parameters in order to keep 
the uniformity of the appearance of the tables in the journal. 

8. Miscellaneous remarks 

8. 1 . Additional mathematical symbols 

The symbols in Table 1 are provided by pasjOO.cls. Some 
of them are also defined in amssymb.Sty, and the definitions 
of such commands are replaced with those in amssymb.Sty if 



useamsfont option is specified. 

8.2. Astronomical symbols 

The class file pasjOO.cls provides the connmands listed 
in Table 2 for astronomical symbols. For the symbol of the sun, 

\ S o 1 and \ 3 o 1 a r produce the symbol ® . 

8.3. Description of time/angle, atoms etc. 

To produce the description of time/angle like "l''23'"45?67" 
or "6°54'32f'l", the class file pasjOO.cIs provides 
a simple notation \timeform{ Ih23m45 . 67s } or 
\timef orm{ 6D54 ' 32 . 1 ' ' } . In the argument of 
\timeform command, the letter 'D' corresponds to 
the symbol '°'. Note that all of the three expressions 
\timef orm{ 1 . 23s }, \timef orm{ Is . 23 } and 
\timef orm{ 1 . s23 } give the same result "1?23", that 
is, there is no importance in the order of a decimal point and a 
unit symbol. Also, we note that the \ time form command 
assumes that there is at most one decimal point in its argument. 
(Though the class file pasjOO.cIs provides an abbreviation 
\TF of \timef orm, this abbreviation is not preferable.) 

Though the file pasjOO.cls also provides (aastex-hke) com- 
mands, such as \fh(!'), \fdg(?), the use of such commands 
with ambiguous names is not recommended. 

Atomic symbols like "^^C" or "^^N" can be produced 
by "\atom{C} { } { 12 }" or "\atom{N } {7} {14}"respec- 
tively. 

8.4. Abbreviation of journal names 

The following list shows the abbreviations of journal names 
already defined bypasjOO.cls. 

\aap: A&A 

Astronomy and Astrophysics 
\aapr: A&A Rev. 

Astronomy and Astrophysics Reviews 
\aaps: A&AS 

Astronomy and Astrophysics, Supplement 
\aj: AJ 

Astronomical Journal 
\ao: Appl. Opt. 

Applied Optics 
\apj: ApJ 

Astrophysical Journal (including Letters) 
\apjs: ApJS 

Astrophysical Journal, Supplement 
\aplett: Astrophys. Lett. 

Astrophysics Letters 
\apspr: Astrophys. Space Phys. Res. 

Astrophysics Space Physics Research 
\apss: Ap&SS 

Astrophysics and Space Science 
\araa: ARA&A 

Annual Review of Astron and Astrophys 
\baas: BAAS 

Bulletin of the AAS 
\iaucirc: lAU Circ. 

lAU Cirulars 
\ jcp: J. Chem. Phys. 

Journal of Chemical Physics 
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Table 1. Addtional mathematical symbols 



name 


symbol 


name 


symbol 


\lesssim 


< 


Xgtrsim 


> 


\leqq 


< 


\geqq 


> 


\lessgtr 




\gtrless 




Messapprox 




\gtrapprox 


> 


\ left right arrows 




\square 


□ 


\diameter 





\hateqq 


= 


\simless 


Z 


\simgtr 


'> 


Messsimeq 


<^ 


\gtrsimeq 




\singlebond 




\doublebond 




\triplebond 




\onehalf 


1 

2 


\onethird 


1 

3 


\twothirds 


2 
3 


\onequarter 


1 

4 


\threequarters 


3 
4 


\micron 


/ini 







*Note that symbols provided by the standard KTeX system such as =, are 
available. If the amssymb package is available, then the useamsfonts class 
option enables to use the symbols defined by amssymb package. (Also note 
that this document is not an instruction for itself, we omit a list for those 
symbols.) 



Table 2. Symbols in font 'astrosym' 



name 


symbol 


name 


symbol 


\Mercurius 




\ Venus 


9 


\Terra 


6 


\Mars 


6 


\ Jupiter 


U 


\Saturnus 


t? 


\varSaturnus 


> 
UJ 


\Uranus 


6 


\Neptunus 


\varNeptunus 


\Pluto 


P 


\varPluto 


U 


\Luna 


c 


\Aries 


Y 


\Taurus 


y 


XGemini 




\Cancer 


o 


\Leo 




\Virgo 


ITP 


\Libra 




\varLibra 




\Scorpio 


lU 


\Sagittarius 




\Capriconus 




\Aquarius 




\var Aquarius 


H 


\Var Aquarius 




\Pisces 



\ jgr: J. Geophys. Res. 

Journal of Geophysics Research 
\mnras: MNRAS 

Monthly Notices of the RAS 
\nat: Nature 

Nature 
Xnphysa: Nucl. Phys. A 

Nuclear Physics A 
\pasj: PASJ 

Publications of the ASJ 
\pasp: PASP 

Publications of the ASP 



\physrep: Phys. Rep. 

Physics Reports 
\planss: Planet. Space Sci. 

Planetary Space Science 
\pra: Phys. Rev. A 

Physical Review A: General Physics 
\prb: Phys. Rev. B 

Physical Review B: SoUd State 
\prc: Phys. Rev. C 

Physical Review C 
\prd: Phys. Rev. D 

Physical Review D 



6 



Astronomical Society of Japan 



\pre: Phys. Rev. E 

Physical Review E 
\prl: Phys. Rev. Lett. 

Physical Review Letters 
\procspie: Proc. SPIE 

Proceedings of the SPIE 
\qjras: QJRAS 

Quarterly Journal of the RAS 
\skytel: S&T 

Sky and Telescope 
Xsolphys: Sol. Phys. 

Solar Physics 
\sovast: Soviet Ast. 

Soviet Astronomy 
\ s s r : Space Sci. Rev. 

Space Science Reviews 

8.5. Draft mode 

The class file pasjOO.cls provides the \draft com- 
mand to produce a one-column, double-spaced document with 
12pt fonts. The \draf t command could be simply placed in 
the preamble of an article. 

8. 6. About user-defined commands 

Though class file pasjOO.cIs does not inihibit the use of 
\def, \newcommand etc., it is not recommended to define 
a user's own command. Note that a user's own trivial abbriv- 
iations might cause fatal errors by changing the existing com- 
mands or by interfering with macros defined in other articles 
(or in the class file used for pubhcation). Every author should 
remember that no journal consists of his/hers papers only. 



